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PIEZO-ELECTRIC CRYSTALS. is 


What crystals possess piezo-electric properties and 
which is the best suited for tube transmitters in con- 
trolling frecuency? 


Any crystalline body which has double refracting pro- 
perties and whose atomic structure is unsymmetrical 

is piezc-electrically active. Ineluded in this class 
are: Tourmaline, Quartz, and Rochelle saltse Of these 
quartz is best suited for tube transmitters in contrel- 
ling frequency because it will retain its physical di-+- 
mensions if kept at a definite temperature; it will 
stand considerable abuse which sccompanies its use in 
oscillation test circuits when the crystal is heated 
momentarily im excess cf 45° C,. and when it is subject- 
ed to frequency washing. The crystals will hold the 
original oscillation frequencr for periods in excess of 
10 months when operated continuously ina high-freq- 
ueticy transmitter system. Cther exacting tests have 
proven that qusrtz is the only material known which is 
satisfactory for wse in crystal~controlled vacwum-tube 
circuits. The reason for the non-use of the other cry- 
stals sre: Rochelle salts, although it has ten times 

the viezo-electric properties cf guartz, is not relia- 
ble. It is fragile, extremely hard to manufacture, and 
its shysicsl dimensions can be essily changed by hsnd- 
ling, esrevially when subjected to contact with water, 
It also will not stand sny electrical load. For instance 
if used as a resonator in connection with the output of 
an oscillator of a few watts capacity it will break dowr 
Tf the power is increased the salts will return to a 
liguid state. Tuurmaline is too expensive to be conside- 
ered as a ccmmercisl product, ana therefore resort has 
been made to the use of quartz, which can be obtained ir 
reasonable quantities in Brazil, Madagascar, dapan and 
the United States. Any quartz which has no fleus, inter- 
growths, or orpticsl twining can be so manufactured that 
it has excellent piezo-electrical properties, 


Explain the piezo-electric quartz crystal se used for 
frecuency ecntrol. 


The first discovery that a crystal could be used to hold 
the frequency of self-oscillating circuits constant and 
also that crystals could be made to control the frequ- 
ency of a vacuum tube circuit, was mady by Cady. The 
first circuit in which a crystal was used to eontrol 
the circuit, consisted of a self-oscillating vacuum- 
tube eireuit with a crystal placed across the grid tun- 
ing condenser. when the circuit was adjusted to the 
resonant frequency of the crystal, there was a tendency 
in the e¢rystal to keep the frequency of the circuit 
equal to that of the erystal. If the plate voltage, fils 
ment voltage and load remained the same, the crystal 
would hold constent the frequency of the circuit; but if 
one or more of the awove conditions were changed the 
Ehat tne 


circuit would oscillate at any frequency o1re 
euit conditions psrmitted. Later a plate feed back cir- 
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in order to obtain a greater piezo-elec~ 
trie voltage for controlling the frsqueney of the cir- 
eult but the operation of thig cireuit wags limited by 
the same conditions thst are cited in the first circuit 
Any method that depends uron any self-oscillating eone- 
ditioris in a vaouum-tube circuit, in addition to piezo- 
electric control, is dangerous for two reasons: Pirst, 
because of the danger o? frequency shifting; and, secon 
because it is very easy to crack or chip crystels in 
such eteeue ts his latter trouble is exaggerated when 


we tie in the crystal oscillating ecircuit with an un- 
ba lanced ‘amplifying system in which the rpGLOnet Sate Tey 
currant feed back from the amelifying circuit is suffi- 
cient to supply enough aera eurrent Shrouzh the 
erystal to esuge it to he up and cracke The first 
elrenit known to the art oie rein the erystsl with the 


associated amplifying cirauite comprised a system in 
which the erystal was the only contrel for the genera~ 
tor *raquency, comprised an arrangement wherain the 
initial piezo-electric charge on the grid was amplified 
through three stages of vesistance coupled amplificatior 
and by means of a third contact plate on the crystal 
this amplified eharge was applied to the ery eve t in the 
right phase oe to reinforce the initial charge 
snd by the progvgess assist th circuit in generating 
radio-frequeney < inane lot Professor Fierce iater devel- 
oped a cireuit en was espable of eonercbine by the 
use cf crystal eontrel « seurce of constant frequency. 
In this circuit, the crystal was placed between the grid 
and nlate of a vseuun tube snd a resistance icad was in- 
serted in the plate circuit. A grid leak was employed te 
hola the grid st a certain voltage with respect to the 
filament. This was slightly modified later by replacing 
the plate resistance with sn inductance. Ecth of these 
gireuits function in the same mammer as the old Le Fors 


est ultraudion circuit wherein a tuned circuit is inter- 
posed between grid snd plate and 28 cheke coil emrioyed 
ss a load in the plate circuit. This choke eoil Pda = so 
construeted that it acted as a paphottias lead for sll 
frequencies to whieh the tuned cirenit was reconant. In 
the Pierce circuits the crystal functions as a tuned 
girevit having = preponderance of inductance, while the 
plate load for the condition of ocillstion has to be 


earacitive. To accomplish this end, Bierce used a very 
large inductance coil in the plate sirenit. The true 
nduetauce and the distributed capseity of the coil sys~ 


pS 
tem used in thie ¢ircait has te be such that it will be 
resonant to a loner frequency than that of the crystal 
pefors the cirouit will tee In the case where 
rs Ble banee. gee used ag in rst Fiercs circuit, it is 
ti etributed capseity of istancs together with 
plate-filam nb eapacity fords the capsaitive 
reactance quired for liation condition. If the 
nroper pracautions are with the Fierce circuit 
With respe to the espac slate load condition, 
any eryes t: arn ve made to trigger off this circuit into 
the ogelil ng condition. In view of the fact that a 
grid leak employed.and the plate load is a resistance 
or large inductance, it is not possible to obtain the 
rated power output from 4a given tube with this elreouit. 
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“URSTTON #3. Dr 


SUESTION #4. Explain in detail an efficient crystal holder ss used 
on naval transmitters. 


ANSWER #4, An affisient ees hel = should be se hermetically 
sealed container where no moisture or dirt can ceme 
ints contact with the Beyatal. Tt is necessary that 
capacities other than that between the crystal contact 
plates be kept as small as possible thus eliminating the 
charging losses eccasioned by extraneous shunt capaci= 
ties. For reliable ere tration snd maximum output the 


erystsl sorntact plates should be intimately touching 
the surface of the crates Lapped surfaces on these 
plates are to be preferred While the weight of the 
upper plats should be kept to a mininum. Ne restriction 
of up and down movement of the upper plate should be 
tolerated. Light epring pressure can be applied to this 
plate, but for best results no pressure other than the 
weight of the plate is neécesssarye Retaining rings of 
beakelitse or other insulating moterisl or brass retaine 
ing pegs can bs employed to hold the erystal in one 
fixed position with respect to the sides of the contains 
er. A holder heving all these features together with 
means for vostTiatiue the tendency for the crystal to 
jump clear of the retaining pegs when being transported 
is ideal for use in neval transmitters. “xperience has 
shown that any sir gap between upper surface of crystal 
and the contact plate means a great reduction in output, 
and when used in the regular power cirenit, the sir gen 
causes brushing between the surface of the’ ergstal and 
the plate, which in turn esuses the oryatal to hsat and 
eraecks Crystals which have been subjected to the brush- 
ing effect show a discoloration on the surface cf the 
crystal at the place where the Drushing occurred, 


SUESTION #5. How is the temperature of s erystal maintained constant! 


ANSWER #5. Cne method is to place the erystal in s hermetically 
sealed container and by use of thermostat and heating 
unit in this container maintain the erystsl at a pre» 
determined temyrerature. The gecond methcd is to place 
the crystal in a erystal yXelder and to secure this hol- 
der cn a metal oleate net can be maintained at a eon- 
stant temrersture, The heat from the plate will be cone: 
dueted through the lower crystal contact plate direc 

bo the erystal. The metal-neating piate can be kept at 

8 constant be ape ae uae ay eirculating water through it, 

or a subcompartment with suitable heating unit and 

tnermnoate t gan be attached to this plate. A thermostat 
ean be employed with the water-cireulating system to 
turn on or off the surrent in a heating goll which is 
placed in tne water-intexe line to the plate. This. 
latter a eee method was developed at the nave 
laborstorye tanea nstant-teamperature co 
trol is app “when operating high-frequency ery= 
stals, as a ease of 10° G. will fhe eee 

88 much as 1 kiloeyele in the 4000 

temperature changes in bombs re vane 
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provide thermostatic control which will meintein erystal 
temperature above that which is ever encountered througt 
out the year. 
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NOTES ON PIEZO0-$SLECTRIC CRYSTALS. 


fhe quartz crystal is hexsgonal in shape and when in 
its true form has an apex at esch end. The methods of mining and 
lso the process cf growing are such that the two apexes are rarely 
found on crystals which are purchased from the importers. In the 
majority of cesses it is unususl to obtain crystals having sides and 
one apex which are not chipped or crseked, dus to rough handling or 
poor mining methods. 


In the ususl crystal the optical axis ig parailel to 
sn imaginary lime which is drawn between two apexes. The electric 
axes are ef two types, one of which is parsllel to s line drawn 
between the corners of the hexagonal gides and the other is parallel 
to s line which is drawn between the opposite flst faces of the 
hexagonal sides. From this we note that there are three peengiccnse 
axes of tne first type and three of the second type and one optical 
axis. The optical axis is always at right angles or pevpenci cules 
to any ef the electrical axes, 


artg is eub from the crystal, making this 


gisb of gus 
eut at right angles tothe opticsl axis. Then,in order to obtain a 
workable erystal, we eut a slice from this slab. This slice is so 
cut from the slsb thst the slicing p produges 8 crystal whose sides ; 
are parallel to ene of the second electrical axes and at right angles 
to one of the first electricsl axes. ve now have a crystal whose 
thickness represents one of the first electrical axes, whose length | 
represents one of the second electrical axes, and the depth an 


optical axis. 


Having completed the cutting of the erystal, which we 
Will term "Curie" or "zero angle cut" we find that there are three, 
frequencies ts which the erystal will resonate. Cne frequency corres- 
ponds to the first electrical axis, one to the cae? electrical 
sxis, and the other to a frequency "whie h is betwe the two and is 
termed the couplinse frequency 4 and depends on the aigene ious of the 
first two axes. 


In round eryetals, as shown by one physicist, the first 
electrical axis will produce 64,6 meters per mn. (millimeter), the 
second electricsl axis 110.5 meters pe millimeter, and the coupling 
frequency. is equal to 0.71 of the second electri fecal axis dimension 
wave length. In ety igular erys se the meters per millimeter for 
the first axis variee from 103.5 to 105, while fer the second it. 
varies from 110 to “li meters per millimeter. The meterg per milli- 
meter obtained for the coupling frequency can not be stated, because 
it depends upon the dimensions of the rectangle from which may be 
Square or an ny Shape that the reouirsments demand. 


ct OD 
{2 


The foregoing figures are based on the true Curie cut 
end on crystals whose dimension is between £0 and £8 millimeters. If 
any cut is made which is at an angle from the Curie cut, the meters 
per millimeter will be greater, especially for the X dimension oscie 
listion. : 

nectsangular crystals are to be preferred to round ery- 
stals, first because they sre cheaper to maze, and second, because 
they will econtrol 9 greater radio-frequency output without crecking 


or chipping. The latter eondition ig probably axplsined by the une 
even stress conditions present in round oryatals when they are oscil# 
lating under the influence of radio-frequency currents. 


